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Current Status of Endomyocardial Biopsy
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Endomyocardial biopsy (EMB) is widely used for surveillance of
cardiac allograft rejection and for the diagnosis of unexplained
ventricular dysfunction. Typically, EMB is performed through the
jugular or femoral veins and is associated with a serious acute
complication rate of less than 1% using current flexible bioptomes.
Although it is accepted that EMB should be used to monitor for
rejection after transplant, use of EMB for the diagnosis of various
myocardial diseases is controversial. Diagnosis of myocardial dis-
ease in the nontransplant recipient is often successful via nonin-
vasive investigations including laboratory evaluation; echocardiog-
raphy, nuclear studies, and magnetic resonance imaging can yield
specific diagnoses in the absence of invasive EMB. Therefore, use
of the technique is patient specific and depends on the potential
prognostic and treatment information gained by establishing a
pathologic diagnosis beyond noninvasive testing.
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ACC = American College of Cardiology; AHA = American Heart Associa-
tion; EMB = endomyocardial biopsy

Endomyocardial biopsy (EMB) is an established inva-
sive clinical tool used for surveillance of cardiac al-
lograft rejection and, to a lesser extent, in the evaluation of
dilated and restrictive cardiomyopathies. Although a safe
procedure, EMB is clearly associated with both a risk of
procedural complications and long-term sequelae. This
article reviews the current status of EMB, the technique,
indications, diagnostic yield, and future directions.

TECHNIQUE

Since the introduction of the flexible Stanford-Caves
Schultz bioptome! and the King’s bioptome,* the pre-
ferred access site for EMB has been the right internal
jugular vein. Access through the right femoral vein and
femoral artery for access to the right and left ventricle,
respectively, is also feasible.® Sheath size depends in part
on type of bioptome used. Commonly used bioptomes are
shown in Figure 1.

Because the right ventricular free wall is thin, obtain-
ing biopsy specimens from this area is dangerous; thus,
biopsy samples should be taken from the interventricular
septum.* Endomyocardial biopsy may be guided by fluo-
roscopy, 2-dimensional echocardiography, or both. Studies
that have reported on the utility and safety of fluoroscopic
guidance with or without echocardiographic guidance
while performing EMB have reported discordant data.>”’
In a study by Blomstrom-Lundqvist et al’ of more than

Mayo Clin Proc. * November 2011;86(11):1095-1102

200 biopsies in 74 patients by either echocardiographic
or fluoroscopic guidance, myocardial perforation oc-
curred during 1 fluoroscopically guided procedure (1.7%),
whereas Han et al® reported a right ventricular perforation
rate of 3.3% using echocardiography to guide transfemoral
biopsies in 90 patients. However, reported case numbers
are too small to draw firm conclusions. Both fluoroscopy
and 2-dimensional echocardiography have limitations.
Fluoroscopy provides planar imaging, but soft tissues
are not visualized; directionality of the bioptome cannot
be determined in only one projection. Most fluoroscopic
suites have single-plane imaging systems, making control
of tip directionality in the anteroposterior plane problem-
atic unless care is taken to move the gantry before each
biopsy. Echocardiography is a tomographic technique and
may miss the tip of the deflectable bioptome; thus, care
must be taken to ensure adequate tip visualization. The
resolution of current 2-dimensional echocardiography is
insufficient to visualize the chordae tendineae, which can
be damaged during EMB. Technical advances, including
3-dimensional imaging, may allow better visualization of
cardiac structures and biopsy instrumentation.®!® Further-
more, the risk of perforation is different between patients
who have had prior cardiac procedures, especially cardiac
transplant, and patients in whom the pericardial space has
never been violated. Clinical experience suggests that the
risk of clinically relevant cardiac perforation in transplant
recipients is small in part because the pericardial space has
been nearly obliterated and any right ventricular perfora-
tion is contained by the pericardium. Therefore, transtho-
racic echocardiographic guidance is suggested for patients
undergoing a first-time biopsy or within 3 months of car-
diac transplant by which time the pericardium should be
adhered to the myocardium, thereby decreasing the risk of
tamponade should perforation occur. Cardiac allograft re-
cipients may undergo EMB numerous times, which leads
to scarring of the interventricular septum and increases the
difficulty in obtaining adequate tissue samples for histo-
logic analysis.
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ENDOMYOCARDIAL BIOPSY

ARTICLE HIGHLIGHTS

* Endomyocardial biopsy (EMB) is associated with a
serious acute complication rate of less than 1% using
current flexible bioptomes

* Among cardiac transplant recipients, EMB is used
routinely for immediate rejection surveillance

e In general, EMB is still preferred for long-term al-
lograft rejection surveillance and has not been replaced
by gene expression profiling

e EMB should be performed in young patients in whom
myocarditis is strongly suspected or in older patients
with suspected infiltrative cardiomyopathy who may
be appropriate candidates for aggressive treatment

e In general, EMB is not routinely recommended to di-
agnose other cardiac disorders, unless dictated by re-
search protocols

COMPLICATIONS

All patients who undergo EMB are at risk of complica-
tions. The rate of complication during EMB is reported as
less than 6% in most case series.*'!"'* Reported complica-
tions include access site hematoma, transient right bundle

branch block, transient arrhythmias, tricuspid regurgitation,
and occult pulmonary embolism.?**! Life-threatening com-
plications occur far less frequently. Right ventricular per-
foration was reported in less than 1% of patients in recent
reports.'”!? Although rare, procedure-related deaths have
been reported®??; however, recent case series reported no
mortality in patients undergoing EMB.3:!!-19

In general, only patients who undergo repeated EMB
during a prolonged period (ie, posttransplant surveillance)
are at risk of long-term complications of the procedure. Se-
rious late sequelae from EMB can include coronary artery-
to-right ventricular fistula and severe tricuspid valve regur-
gitation.'®? Tricuspid valve regurgitation occurs relatively
frequently, especially among cardiac transplant recipients
who undergo frequent biopsies, with reported rates of
symptomatic regurgitation up to 23%.'3**?" Tucker et al*
reported similar long-term rates of late tricuspid regurgita-
tion for both femoral and internal jugular access. Unfor-
tunately, even asymptomatic patients experience increased
late mortality when EMB-induced tricuspid regurgitation
occurs.® As previously mentioned, neither 2-dimensional
transthoracic echocardiography nor fluoroscopic guidance
allows adequate visualization of the chordae tendineae at-

FIGURE 1. Commonly used bioptomes. A, Single-use 50-cm Novatome (Sholten Surgical Instruments,
Inc, Lodi, CA) with a 2.3-mm tip that requires a 9-F sheath. B, Argon endomyocardial biopsy forceps
(Argon Medical Devices, Inc, Athens, TX) with a 1.8-mm tip that requires a 6-F sheath or a 2.3-mm tip
that requires a 7-F sheath. C, Bipal 7 bioptome, 50 cm and 104 cm (Cordis Corp, Miami Lakes, FL) with
a 2.3-mm tip that requires a 7-F sheath. D, 8F Transseptal Mullens (Medtronic, Inc, Minneapolis, MN)
sheath when using the longer Bipal 7 bioptome through right femoral vein access to improve tip control
and placement.
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tachments to the tricuspid valve. Prevention against dam-
age to the tricuspid valve and supporting structures may be
enhanced by using longer sheaths that allow the bioptome
to pass through the tricuspid valve with minimal contact
of the valve apparatus, by prophylactic tricuspid valve an-
nuloplasty on the donor heart at the time of transplant.?

ANALYSIS OF BIOPSY SPECIMENS

Although technical skill and patient safety are the immedi-
ate concerns during any procedure, it is the responsibility
of the operator to ensure careful handling and correct prep-
aration of the tissue. The specimen should be moved off the
biopsy catheter with a needle and placed on gauze soaked in
isotonic saline. Subsequent storage is dictated by the clini-
cal question to be answered: 10% neutral-buffered forma-
lin is needed to diagnose transplant rejection, unexplained
cardiomyopathy, myocarditis, infiltrative cardiomyopathy,
or tumors. Zeus fixative (used primarily for immunofluo-
rescence studies to evaluate antibody-mediated rejection)
can be used to assess allograft rejection. Trump’s fixative
or 4% glutaraldehyde can be used when assessing an un-
explained cardiomyopathy or anthracycline-induced car-
diotoxicity, and specimens should be snap-frozen when as-
sessing possible myocarditis. Crush artifact may be caused
by the bioptome, possibly by cutting a large specimen with
a blade, or by handling with forceps. Crush artifact can
make pathologic diagnosis difficult or impossible (Figure
2).2039 A minimum of 5 right ventricular samples should be
obtained. Although this number has been associated with
a 98% sensitivity for detection of transplant rejection,**3!
it has been shown to yield only a 45% sensitivity for the
diagnosis of myocarditis.’! Subsequent specimen prepara-
tion depends on the clinical question to be answered and
testing that will be done. Standard histological preparation
for light microscopy, which can be used in the diagnosis of
transplant rejection, myocarditis, or amyloidosis, requires
paraffin wax embedding, sectioning, and staining.*> Speci-
mens prepared in Trump’s fixative or 4% glutaraldehyde
can be viewed with transmission electron microscopy,
which may be helpful in assessing drug toxicity, metabolic
or storage disorders, or light chain deposition disease.®**
Viruses are an increasingly recognized cause of myo-
carditis.* Polymerase chain reaction for viral DNA ampli-
fication may change the role of EMB in the future—from
one of simple diagnosis to one of guiding focused treat-
ment.* Although paraffin-embedded tissue may be used
for many polymerase chain reaction—based viral genome
assays, optimum sensitivity is achieved by using tissue that
has been snap-frozen in liquid nitrogen and stored at —80°C
at the time of biopsy. This is particularly true for RNA vi-
rus detection. Additionally, frozen tissue is often necessary
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FIGURE 2. Crush artifact, showing pinching of the sample at the
time of procurement (arrows) (hematoxylin-eosin, original magnifica-
tion, x40).

for immunohistochemical detection of dystrophin in the
setting of muscular dystrophies.

INDICATIONS FOR EMB

With the possible exception of monitoring for allograft
rejection immediately after cardiac transplant, there is no
standard or definite indication for EMB. For each possible
indication, the utility of the technique is patient specific,
dependent on the information gained, and an assessment
of potential risks. Information from EMB may be of prog-
nostic value or be useful in guiding treatment by estab-
lishing a diagnosis from direct tissue sampling. There is
considerable overlap between diseases that can be diag-
nosed via EMB, diseases that can be diagnosed by non-
invasive testing, and those that have effective treatments.
Endomyocardial biopsy is absolutely necessary only for
the diagnosis of a small number of diseases or conditions,
including anthracycline-induced cardiomyopathy, cardiac
allograft rejection, sarcoidosis, giant cell myocarditis, and
hypereosinophilic syndrome, of which only allograft rejec-
tion, sarcoidosis, and hypereosinophilic syndrome have
proven therapies. Many diseases diagnosed by EMB are
often suspected before the procedure is performed.*¢’
Unfortunately, a specific tissue diagnosis is achieved only
in a minority of cases because histologic findings are fre-
quently nonspecific. Indications for performing EMB that
are consistent with current American College of Cardiol-
ogy (ACC)/American Heart Association (AHA) guidelines
for heart failure are listed in the Table.

MoniTorING CARDIAC TRANSPLANT REJECTION STATUS

The most common and clearly established indication for
EMB is monitoring transplant rejection status, including
both cell-mediated and antibody-mediated types.***” Un-
fortunately, because monitoring of tissue rejection requires
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TABLE. Indications for Endomyocardial Biopsy

Monitor cardiac transplant rejection status
Diagnose unexplained cardiomyopathies
Suspected myocarditis
Suspected infiltrative cardiomyopathy
Diagnose cardiac tumors
Detect suspected anthracycline toxicity
Use in research

numerous consecutive biopsies, especially within the first
several months of cardiac transplant, the risk of develop-
ing tricuspid regurgitation and coronary-to-right ventricle
fistulas is increased in such patients,!7:19:23.38

Noninvasive means of monitoring tissue rejection,
such as gene expression profiling, are under way and
may have utility as primary screening methods in cardiac
transplant recipients at low risk of rejection.’**° None of
the currently available techniques can be used to actually
diagnose rejection, but they can be used as a pretest as-
sessment of the low risk and lower probability of rejec-
tion, the implication being that those at low risk may not
require long-term consecutive EMB. The usefulness of
gene expression profiling has been brought into question
by some, despite demonstration of so-called noninferior-
ity, because of the relatively narrow cohort studied and
the remaining questions regarding the general usefulness
of long-term surveillance.*' Worldwide, a few centers do
not perform EMB after the first year following cardiac
transplant because they prefer noninvasive rejection sur-
veillance; however, most institutions in the United States
continue to use EMB as the primary method of rejection
surveillance due to the limited data on clinical outcomes
with the noninvasive methods.*#*#

The diagnosis of antibody-mediated (humoral) rejection
remains an area of some controversy and generally requires
demonstration of histopathologic changes on EMB, clini-
cal allograft dysfunction, and the presence of donor-spe-
cific alloantibodies; however, standard diagnostic criteria
have not been agreed on. Typical histopathologic changes
may include not only morphologic abnormalities but also
immunoperoxidase and immunofluorescence studies for
complement split products, with C4d being the most fre-
quently examined in North America.** The usefulness of
looking for additional markers and defining diagnostic cri-
teria for antibody-mediated (humoral) rejection are current
topics of great interest.

UNEXPLAINED CARDIOMYOPATHIES

Suspected Myocarditis. Endomyocardial biopsy has
been shown to be the only method for diagnosing myo-
carditis in more than 30% of unexplained cardiomyopathy
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cases.* Indeed, in patients with suspected myocarditis, de-
termining the exact etiology has both important prognos-
tic and treatment implications. Both giant cell myocarditis
and necrotizing eosinophilic myocarditis carry a grave
prognosis, but they can be responsive to corticosteroid
therapy.**¢ Lymphocytic myocarditis and hypersensitiv-
ity myocarditis have better prognoses.*> Hypersensitivity
myocarditis is not only responsive to corticosteroid thera-
py but also is often a manifestation of a reaction to medica-
tions, the use of which can be discontinued or modified.*’
Thus, differentiating these specific types of myocarditis
with EMB can lead to appropriate therapy, focused discus-
sions regarding prognosis, and, in some cases, expedited
listing for cardiac transplant or ventricular assist device
placement.

The recent ACC/AHA practice guidelines identify spe-
cific patient scenarios in which myocarditis may be sus-
pected and EMB considered, including heart failure with
hemodynamic compromise of less than 2 weeks’ duration
(class I recommendation) or less than 3 months’ duration
if associated with heart block or new ventricular arrhyth-
mias (class I recommendation). Also, recent-onset heart
failure associated with potential allergic reaction is in-
cluded in the report as a scenario in which biopsy can be
considered (class ITa recommendation).® Despite the re-
cent guidelines and recognized patient presentations that
suggest underlying myocarditis, the decision to perform
EMB to provide a pathologic diagnosis of myocarditis can
be difficult. Among a population of patients in whom the
clinician more likely suspects myocarditis on the basis
of a careful history, physical examination, and laboratory
test results, the utility of EMB may be assessed using the
Bayesian theory as with any other diagnostic test.*® Mills
and Lauer*® have constructed a Bayesian model for EMB
in myocarditis using a previously reported false-positive
biopsy interpretation rate of 3%* and a false-negative bi-
opsy interpretation rate of 55%?' (Figure 3).

We suggest that patients in whom acute fulminant myo-
carditis is suspected undergo confirmatory biopsy. Patho-
logic diagnosis will be reassuring to the clinical care team
when rapid decisions regarding transplant and ventricular-
assist support are needed.

Suspected Infiltrative Diseases. Cardiac sarcoidosis,
amyloidosis, and Fabry disease can all be diagnosed by
EMB. Cardiac sarcoidosis is suspected in patients with
systemic sarcoidosis or in those who present with a dilated
left ventricle in systolic failure with either ventricular ar-
rhythmias or heart block.% In a study by Mehta et al,>!
approximately 40% of patients with known systemic sar-
coidosis and palpations had syncope or presyncope with
cardiac involvement diagnosed subsequently. Because car-
diac sarcoidosis is responsive to corticosteroid therapy and
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FIGURE 3. Bayesian model for utility of endomyocardial biopsy in
myocarditis. As with any diagnostic procedure, utility is maximized
when the pretest probability of disease is intermediate. Ultimately,
clinical and noninvasive parameters may supplant routine biopsy as
the initial test and serve to categorize patients into low, medium, and
high likelihood of rejection strata. Those with an intermediate likeli-
hood of rejection stand to benefit most from a diagnostic biopsy.
From Am Heart J,*® with permission from Elsevier.

associated with a poor prognosis, diagnosis by EMB can be
considered an important part of patient care.’>>*

Unlike sarcoidosis, which is associated with systolic
dysfunction, many other infiltrative diseases cause re-
strictive cardiomyopathies with thickened ventricles that
may mimic the appearance of hypertrophic cardiomyop-
athy. Although hypertrophic cardiomyopathy does not
require EMB for diagnosis, EMB may be appropriate
if cardiac amyloidosis or Fabry disease is strongly sus-
pected.®>>>¢ Identification of the specific infiltrative dis-
ease has implications for both prognosis and treatment.
For instance, differentiating primary (AL) amyloidosis
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from senile or familial forms of amyloidosis is prognosti-
cally important. Patients with primary amyloidosis have
a significantly higher mortality rate>’ but are potentially
responsive to chemotherapeutic agents or stem-cell trans-
plant.”® Fabry disease may be responsive to enzyme re-
placement therapy.*>*° Furthermore, both fibrosis of the
myocardium and eosinophilic cardiomyopathy (Loffler
endocarditis) are potentially responsive to corticosteroid
therapy.®!¢2

Unfortunately, the need for EMB in the aforemen-
tioned conditions is not well defined, and in some cases it
is unnecessary. Only one-quarter of patients with a clini-
cal diagnosis of cardiac sarcoidosis were found to have
noncaseating granulomas on EMB.> Diagnosis of cardiac
sarcoidosis using magnetic resonance imaging can be
achieved with high specificity, whereas positron emission
tomography may provide higher sensitivity.>* Therefore,
patients strongly suspected of having cardiac sarcoid-
osis should be treated despite normal findings on biop-
sy, raising questions about the clinical utility of EMB.%
Similarly, cardiac amyloidosis and myocardial fibrosis
are often suspected on the basis of clinical examination
and other testing, such as echocardiography, fat aspirate,
nuclear studies, or magnetic resonance imaging, possibly
rendering pathologic diagnosis by EMB redundant or un-
necessary.%

Diaenosing CarbIAC TumoRs

Case reports illustrate that cardiac tumors (both neoplastic
and nonneoplastic), with the possible exception of typical
myxomas, can be biopsied and diagnosed with EMB with
imaging (usually transesophageal) guidance (Figure 4).%6¢7
Current ACC/AHA guidelines state that EMB is reasonable
for the diagnosis of cardiac tumors (class Ila recommenda-

Right
atrium

FIGURE 4. Transesophageal echocardiographic images of right atrial mass in a 56-year-old man with small cell lung cancer.
The mass was biopsied using a 9-F bioptome through the superior vena cava (SVC). Subsequent pathologic analysis revealed

metastatic small cell carcinoma.
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tion) if 4 specific criteria are met: (1) diagnosis cannot be
made in any other way, (2) the diagnosis with EMB will
alter therapy, (3) the success of biopsy is believed to be rea-
sonably high, and (4) the biopsy will be performed by an
experienced operator.® Usual biopsy forceps may not yield
adequate tissue samples for histologic analysis because of
the inability to penetrate an overlying capsule or organized
hematoma. Coring needles may be used to safely obtain a
deep tissue sample. When EMB is performed to diagnose
an intracardiac mass, frozen sections should be examined
to ensure adequate tissue samples for analysis before the
procedure is stopped.

ANTHRACYCLINE-INDUCED CARDIOMYOPATHY

Biopsy specimens from patients with anthracycline-in-
duced cardiotoxicity demonstrate loss of myofilaments
and vacuolar degeneration on both light microscopy and
electron microscopy.®®® Early studies and reviews sug-
gested that routine monitoring with EMB in patients
treated with anthracycline chemotherapeutic agents was
appropriate."" However, recent guidelines conclude that
EMB is best suited for situations in which the cause of
cardiomyopathy is unclear, for determining whether high-
er doses of an anthracycline can be given, or for research
purposes.’

UNEXPLAINED TACHYARRHYTHMIAS

Case reports show that myocarditis has been diagnosed
by EMB in as many as 50% of patients with malignant
ventricular arrhythmias and 12% of patients with various
supraventricular tachycardias.®’*”" Complicating matters
is the fact that, in many patients with unexplained arrhyth-
mias, there are often pathologic abnormalities of unclear
clinical importance that may not clarify either diagnosis
or treatment. Thus, EMB in patients with malignant ar-
rhythmias (originating in the ventricle or atrium) without
clear association to ventricular function or other cardiac
abnormalities remains a class IIB recommendation, with
the specification that the procedure should be used only
in “exceptional cases” in which the benefits of biopsy out-
weigh the procedural risks.®

ResearcH AND FuTuRE DIRECTIONS

Identification of new molecular and genomic or proteomic
studies among patients with cardiomyopathy compared
with healthy controls are currently under way. In this con-
tinued research, EMB is an important resource.* For clini-
cal diagnosis and prognostication, moving tissue analysis
beyond standard light microscopic examination will be
important to improve diagnostic yields, to enhance clini-
cal utility, and to gain new pathophysiologic insights into
cardiac dysfunction.

1100 Mayo Clin Proc. * November 2011;86(11):1095-1102

GENERAL CONCLUSIONS

Endomyocardial biopsy is an important clinical tool with
an established role in surveillance for posttransplant myo-
cardial rejection, and, to a lesser extent, in the evaluation
of dilated and restrictive cardiomyopathies, both acute and
chronic. Although a safe procedure, EMB is clearly as-
sociated with both a risk of procedural complications and
serious long-term sequelae such as tricuspid regurgitation
when performed repeatedly. Analyzing tissue specimens
with more sophisticated methods, rather than routine stain-
ing used in light microscopy, may improve the diagnostic
yield and clinical and research utility of EMB. Establish-
ing specific myocardial diagnoses can be aided with nonin-
vasive imaging techniques, and ultimately newer imaging
techniques incorporating molecular imaging may eliminate
the need for routine EMB. Ideally, these procedures should
be performed at centers with advanced heart failure and
transplant programs that have the technical capabilities and
the expertise to appropriately analyze the specimens.

CuinicaL REcommeNnDATIONs FOR THE Use oF EMB
Endomyocardial biopsy can be used in 2 broad groups of
patients: cardiac transplant recipients and nontransplant
patients. Among transplant recipients, we recommend
EMB for both immediate and long-term cardiac surveil-
lance because noninvasive methods require further data
before adoption into routine practice. Among patients with
suspected myocardial disease who have not undergone car-
diac transplant, we recommend biopsy for young patients
in whom there is a strong suspicion of myocarditis or in
older patients with suspected infiltrative cardiomyopathy
who may be appropriate candidates for aggressive treat-
ment. We do not routinely recommend EMB for other car-
diac disorders, unless dictated by research protocols.

We thank Sudhir S. Kushwaha, MD, and William D. Edwards,
MD, for critical review of the submitted manuscript.
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